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ZDVFDOFXODWHGE\PHDVXULQJWKHGLVWDQFHIURPWKHHGJHRIWKHQRWFKWRWKHILUVWREVHUYHGEHDFKPDUN
)LJXUHVKRZVWKHUHODWLRQVKLSEHWZHHQWKHQXPEHURIF\FOHVDQGWKHIDWLJXHFUDFNOHQJWKLQWKHOHQJWKDDQG
GHSWKEGLUHFWLRQV$OO WHVWSLHFHVGLVSOD\HGWKHVDPHUHODWLRQVKLSEHWZHHQWKHQXPEHURIF\FOHVDQGWKHIDWLJXH
FUDFNSURSDJDWLRQUDWHQDPHO\WKHIDWLJXHFUDFNSURSDJDWLRQUDWHZDVUHODWLYHO\VORZLQWKHHDUO\F\FOHVDQGWKHQ
LQFUHDVHGDV WKHQXPEHURI F\FOHV LQFUHDVHG ,Q WKH³%DVHPHWDO W\SH´ WKHFUDFN OHQJWKRI WKHSHHQHG VSHFLPHQV
SURSDJDWHGPRUHVORZO\WKDQWKDWLQWKHQRQSHHQHGVSHFLPHQLQWKHVDPHVWUHVVUDQJH
)LJXUHVKRZVWKHUHODWLRQVKLSEHWZHHQWKHDVSHFWUDWLREDRIWKHVXUIDFHFUDFNDQGWKHFUDFNGHSWKUDWLREW
,QWKHKDPPHUSHHQHGVSHFLPHQVWKHDVSHFWUDWLRLQFUHDVHGPRUHUDSLGO\WKDQLQWKHQRQSHHQHGVSHFLPHQVLQWKH
ORZHUUDQJHRIWKHFUDFNGHSWKUDWLREW7KLVLVDWWULEXWHGWRDGHOD\LQH[WUHPHFUDFNJURZWKLQWKHOHQJWKGLUHFWLRQ
,Q VXPPDU\ZKHQ FRPSUHVVLYH VWUHVV LV LQWURGXFHG LQ WKH VXUIDFH RI WKH EDVHPHWDO E\ KDPPHU SHHQLQJ WKH
IDWLJXHFUDFNSURSDJDWLRQUDWHLQWKHOHQJWKGLUHFWLRQLVPXFKVORZHUWKDWZKHQSHHQLQJLVQRWDSSOLHG

)LJ5HODWLRQEHWZHHQFUDFNGHSWKDQGDVSHFWUDWLRLQIDWLJXHVXUIDFHFUDFN
$QDO\VLVE\FDOFXODWLRQ
$ QXPHULFDO VLPXODWLRQ ZDV FRQGXFWHG WR HVWLPDWH WKH HYROXWLRQ RI D VXUIDFH FUDFN $Q DGYDQFHG IUDFWXUH
PHFKDQLFV DSSURDFK EDVHG RQ WKH 5HWHQVLOH 3ODVWLF ]RQH *HQHUDWLQJ 53* VWUHVV FULWHULRQ ZDV DSSOLHG DV WKH
IDWLJXHFUDFNSURSDJDWLRQODZ7KHHIIHFWRIIDWLJXHFUDFNFORVXUHDQGUHVLGXDOVWUHVVGLVWULEXWLRQVFDXVHGE\SHHQLQJ
FRXOG EH FRQVLGHUHG LQ WKH QXPHULFDO SURFHGXUH XVHG KHUH $ GHWDLOHG H[SODQDWLRQ RI WKLV QXPHULFDO VLPXODWLRQ
PHWKRGFDQEHIRXQGLQUHIHUHQFH>@
)LJXUH  VKRZVRQH H[DPSOH RI WKH VLPXODWLRQ UHVXOWV IRU DSHHQHG VSHFLPHQ$V FDQEHXQGHUVWRRG IURP WKH
ILJXUH WKH HVWLPDWHG FUDFNJURZWK EHKDYLRU LV VLPLODU WR WKHPHDVXUHG UHVXOWV 7KXV WKLV QXPHULFDO SURFHGXUH LV
DSSURSULDWHIRUDQDO\VLVRIWKHIDWLJXHFUDFNJURZWKSKHQRPHQRQXQGHUDFRPSUHVVLYHUHVLGXDOVWUHVVILHOG
(IIHFWRIFRPSUHVVLYHUHVLGXDOVWUHVVRQIDWLJXHFUDFNSURSDJDWLRQ
7R FODULI\ WKHEHKDYLRURI IDWLJXH FUDFNJURZWKXQGHU D FRPSUHVVLYH VWUHVV ILHOG WKH UHODWLRQVKLSEHWZHHQ WKH
VWUHVVLQWHQVLW\IDFWRUUDQJHƸ.ZKLFKLVFDOFXODWHGE\WKHIRUPXODLQUHIHUHQFH>@DQGWKHIDWLJXHFUDFNJURZWK
UDWHVLQWKHFUDFNGHSWKDQGVXUIDFHOHQJWKGLUHFWLRQVZDVDQDO\]HGIRUWKHIDWLJXHFUDFNJURZWKWHVWFRQGLWLRQVE\
WKHEHDFKPDUNPHWKRGDVVKRZQLQ)LJDERYH:LWK WKH³:HOGMRLQW W\SH´VSHFLPHQV WKHHIIHFWRI WKHVWUHVV
FRQFHQWUDWLRQDURXQGWKHZHOGWRHZDVLQFRUSRUDWHGLQWKHFDOFXODWLRQRIƸ.>@
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)LJ5HODWLRQEHWZHHQQXPEHURIF\FOHVDQGFUDFNOHQJWKLQIDWLJXHVXUIDFHFUDFN
)LJXUHVKRZVWKHUHODWLRQVKLSEHWZHHQWKHVWUHVVLQWHQVLW\IDFWRUUDQJHƸ.DQGWKHIDWLJXHFUDFNJURZWKUDWHV
LQ WKH FUDFN GHSWK DQG VXUIDFH OHQJWK GLUHFWLRQV LQ WKHĀ%DVH PHWDO W\SHā VSHFLPHQ XQGHU QRQSHHQLQJ DQG
SHHQLQJFRQGLWLRQVUHVSHFWLYHO\:KHQƸ.LVORZHUWKDQ03DĜPWKHIDWLJXHFUDFNSURSDJDWLRQUDWHLQWKH
VXUIDFHOHQJWKGLUHFWLRQRI WKHSHHQHGVSHFLPHQLV ORZHUWKDQWKDW LQ WKHQRQSHHQHGVSHFLPHQ,QFRQWUDVW LQ WKH
VDPH UDQJHRIƸ. WKHUH LVYLUWXDOO\QRGLIIHUHQFH LQ WKH IDWLJXHFUDFNSURSDJDWLRQ UDWHVRI WKHSHHQHGDQGQRQ
SHHQHGVSHFLPHQVLQWKHGHSWKGLUHFWLRQ

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D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E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 ˄D&UDFNOHQJWK E&UDFNGHSWK
)LJ5HODWLRQEHWZHHQVWUHVVLQWHQVLW\UDWHDQGIDWLJXHFUDFNSURSDJDWLRQUDWH:HOGMRLQW
)LJXUHVKRZVWKHUHODWLRQVKLSEHWZHHQƸ.DQGWKHIDWLJXHFUDFNJURZWKUDWHVLQWKHFUDFNGHSWKDQGVXUIDFH
OHQJWKGLUHFWLRQVIRUWKHĀ:HOGHGMRLQWW\SHāZLWKDQGZLWKRXWSHHQLQJ:KHQƸ.LVORZHUWKDQ03DĜP
WKHSURSDJDWLRQ UDWH LQ WKH VXUIDFH OHQJWKGLUHFWLRQRI WKHQRQSHHQHGVSHFLPHQ LVKLJKHU WKDQ WKDWRI WKHSHHQHG
VSHFLPHQDQGWKLVGLIIHUHQFHLQFUHDVHVZLWKGHFUHDVLQJƸ.+RZHYHULQWKHGHSWKGLUHFWLRQWKHGLIIHUHQFHLQWKH
SURSDJDWLRQUDWHVRIWKHQRQSHHQHGDQGSHHQHGVSHFLPHQVLVLQVLJQLILFDQW
)URP)LJVDQGLWFDQEHFRQFOXGHGWKDWWKHFRPSUHVVLYHUHVLGXDOVWUHVVILHOGLQWURGXFHGQHDUWKHZHOGWRH
RI VSHFLPHQV E\ KDPPHU SHHQLQJ UHGXFHV WKH JURZWK UDWH RI IDWLJXH FUDFNV ZKLFK LQLWLDWH IURP WKH ZHOG WRH
HVSHFLDOO\LQWKHHDUO\VWDJHVRIIDWLJXHFUDFNJURZWK
&RQFOXVLRQV
7KLVVWXG\ZDVFRQGXFWHGWRFODULI\WKHLQIOXHQFHRIFRPSUHVVLYHUHVLGXDOVWUHVVRQIDWLJXHFUDFNSURSDJDWLRQE\
DSSO\LQJKDPPHUSHHQLQJ WR WZR W\SHVRI VSHFLPHQV D³%DVHPHWDO W\SH´DQGD³:HOG MRLQW W\SH´ RXWRISODQH
JXVVHWZHOGHGMRLQW7KHIROORZLQJFRQFOXVLRQVZHUHREWDLQHG
&RPSUHVVLYH VWUHVV LQWURGXFHG LQ WKH VXUIDFHRI WKHEDVHPHWDODIIHFWV WKH IDWLJXHFUDFNSURSDJDWLRQ UDWH LQ
ERWKWKHEDVHPHWDODQGZHOGHGMRLQW,QWKH³%DVHPHWDOW\SH´WKHFRPSUHVVLYHVWUHVVLQWURGXFHGLQWKHVSHFLPHQ
VXUIDFHE\KDPPHUSHHQLQJUHGXFHGWKHIDWLJXHFUDFNJURZWKUDWHGDG1LQWKHOHQJWKGLUHFWLRQLQFRPSDULVRQZLWK
WKHQRQSHHQHGVSHFLPHQ
 ,Q WKH³:HOG MRLQW W\SH´ WKHDVSHFW UDWLREHKDYLRURI WKH IDWLJXHVXUIDFHFUDFN LQ WKHSHHQHGVSHFLPHQZDV
GLIIHUHQWIURPWKDWRIWKHQRQSHHQHGVSHFLPHQ7KLVZDVDWWULEXWHGWRDGHOD\LQIDWLJXHFUDFNJURZWKLQWKHOHQJWK
GLUHFWLRQ GXH WR SHHQLQJ $OWKRXJK D VWUHVV FRQFHQWUDWLRQ H[LVWHG DW WKH ZHOG WRH WKH IDWLJXH FUDFN JURZWK UDWH
GDG1RIWKHSHHQHGVSHFLPHQZDVPXFKORZHUWKDQWKDWRIWKHQRQSHHQHGVSHFLPHQ
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